The survival characteristics of washed stationary phase Aerobacter aerogenes organisms suspended in buffered sodium chloride solution and stored at room temperature, or at 37" with aeration, depended on the medium used for growing the bacteria. Populations of bacteria harvested from tryptic meat broth or tryptone glucose medium remained almost completely viable for longer periods than bacteria from a simple ammonium salt +mannit01 medium in which carbon was limiting. Analyses of washed freeze-dried preparations of freshly harvested bacteria showed that the amounts of protein, carbohydrate and ribonucleic acid present varied according to which of the above media was used for growth. During the initial stages of storage a t 37", when the viability of the population remained apparently unchanged, a progressive loss in bacterial dry weight occurred, due to degradation of these cell constituents. Endogenous glycogen was degraded and oxidized; bacteria which contained glycogen survived well. However, the addition of glucose to suspensions stored under aerobic or anaerobic conditions did not favour survival. Utilization of substances made available by degradation of various endogenous macromolecular constituents may be an important factor concerned with the survival of bacteria in unfavourable environments.
INTRODUCTION
showed that population density affected the survival of bacteria held under growth conditions in the absence of added nutrients. Products from dead or dying bacteria are utilized by the living organisms, allowing maintenance of viability or division to occur. It is possible that another important factor concerned with bacterial survival is the ability of a bacterium to maintain itself by utilizing some of its own internal constituents. The problem of energy reserve substances in bacteria was reviewed by Wilkinson (1959) ; he considered that these substances are probably homoglycans (glycogen), poly-/3-hydroxybutyrate, other lipids (triglycerides) and polyphosphate. The accumulation and breakdown of internal glycogen was studied in Escherichia coli (Holme & Palmstierna, 1956a-c; Dagley & Dawes, 1949) and in yeast by Stier & Stannard (1935-36) . Degradation of other macromolecular constituents occurs in bacteria maintained in the absence of added nutrients. For example, Holden (1958) reported that when Lactobacillus arabinosus was incubated in phosphate buffer a t 37", ribonucleic acid ( R N A ) was degraded, resulting in the release of ultraviolet (u.v.) absorbing substances into the R. E. STRANGE, P. A. DARK AND A. G. NEss medium; a similar phenomenon was investigated in yeast (Higuchi & Uemura, 1959) . Turnover of protein occurs in Escherichia coli maintained at growth temperature in the absence of nutrients (Mandelstam, '1958a, b; Mandelstam & Halvorson, 1960) . We have studied the survival of stationary phase Aerobacter aerogenes organisms suspended in buffer solution and have investigated gross changes in the concentrations of endogenous RNA, protein and carbohydrate.
METHODS
The strain of Aerobucter aerogenes used was obtained from Professor Sir Cyril Hinshelwood's laboratory.
Media. (a) Defined medium usually contained (g./l.) : NaH,PO,, 0.6; (NH,) , HPO, , K2S04, 1.75; mannitol, 10;  and salt mixture ( 5 ml.). Salt mixture was prepared by dissolving MgO (10 g.), CaCO, (1 g.), ZnO (0.16 g.), FeC1,.6H20 (2.7 g.) and MnC1,. 4H,O (0-4 g.) in water (200 ml.) containing conc. HC1 (50 ml.) and diluting to 11. with water. The final medium was sterilized by autoclaving (120°, 15 min.). ( b ) Tryptic meat broth, prepared from bullock's meat, contained 2.5 mg. nitrogen/ml. ( c ) Tryptone glucose (Wade, 1961) . A concentrate was prepared by mixing three solutions ( A , B, and C ) together. Soln. A : 2.8 kg. of Tryptone (0x0 Ltd., London) were mixed with 1.05 1. of ~M-K,HPO, and made up to 19.6 1. with water. The solution was adjusted to pH 9.3 with NaOH, brought to 100" for 5 min., then filtered (Green's filter-paper no. 904). Citric acid (112 g.) was added, the solution adjusted to pH7-6 with HCl and the volume re-adjusted with water to 19-6 1. The solution was autoclaved in volumes of 2.8 1. at 115" for 30 min. Soh. B : 406 g. NaCl, 140 ml. M-ferric citrate, 14 ml. M-C~CI, and 560 ml. M-M~SO, were made up to 2.8 1. with water. Volumes of 750 ml. were autoclaved at 115" for 20 min. Soln. C : 2.8 kg. glucose were made up to 5-6 1. with water and the solution autoclaved in volumes of 11. at 115" for 10 min. The concentrate was prepared by mixing 2.8 1. of soln. A , 750 ml. of soln. B and 11. of soln. C together, and stored a t 2-5'. The concentrate was diluted with sterile water ( 5 vol.), the final medium containing 1.8 yo (w/v) glucose.
Cultural conditions and harvesting. Organisms were grown at 37" in an apparatus (culture volume 0.5 or 3 1.) essentially as described by Elsworth, Meakin, Pirt & Capell (1956) and used as a batch culture vessel. The medium in the culture vessel was seeded with a suspension of organisms grown for 8 hr. at 37" in a flask containing the same medium, aerated by rocking on a shaker; the initial concentration in the culture vessel was about 10s living bacteria/mI. medium. Filtered air was passed through the impeller at 1 ml./min./ml. culture and the pH value was continuously maintained at 7.2. Cultures reached the stationary phase in 6 hr. or less with media described above. Bacteria were harvested by centrifugation, washed twice with buffer solution and resuspended at about 1010 bacteria/ml. in the same buffer solution. The solution used for washing and resuspending the organisms contained NaCl ( 0 . 1 3~) and KH,PO, + K,HPO, (O.OZM-PO,) ; final value pH 6.5.
Bacteria counting procedures.
Total bacterial counts were made with a Thoma chamber and dark ground illumination (average of three determinations on each sample). Organisms within one-fifth of the ruled area were counted and samples were diluted with buffered saline (pH 6.5) so that the number present was 250-500. The results obtained when 20 determinations were made on one sample varied between 298 and 368 (mean, 328; standard deviation, & 21). Counts of viable bacteria were made by spreading 0.2 ml. sample (diluted by successive tenfold dilutions with buffered saline to contain 500-1000 viable organisms/ml.) on the dried surface of each of five nutrient agar plates. Colonies were counted after incubation for 24 hr. at 37". When the dilution and plating procedure was repeated 20 times with one suspension, the number of colonies/ml. counted varied between 689 and 852 (mean, 777; standard deviation, & 57). A direct determination of the yo viable bacteria in a suspension was made by the slide culture method of Postgate, Crumpton & Hunter (1961) with tryptic meat broth agar and dark ground illumination. Microcolonies and undivided organisms were counted after incubation for about 3.5 hr. at 37".
When the yo viability of one suspension was determined twelve times by this technique, results varied between 93.5 and 96.8 (mean, 95.7; standard deviation, Storage of suspensions of Aerobacter aerogenes. Sterility precautions were taken during the preparation, storage and sampling of bacterial suspensions. For storage at 37" with aeration, a suspension of washed freshly harvested organisms (usually 500 ml.; about 1010 bacteria/ml.; dry weight about 2-5 mg./ml.) at pH 6.5, was transferred to a sterilized gas wash bottle (1 1.; Dreschel pattern) held in a water bath at 37". Washed filtered air was passed (0.2 l./min.) into the suspension through a sintered glass disk and the effluent air allowed to escape through a water reflux condenser fitted with a cottonwool filter. During the storage period, the pH value of the suspension was measured at intervals and, when necessary, adjusted to pH 6.5 by the slow addition of N-NaOH or N-HC1. Samples were removed at intervals for determinations of total and viable counts, % viability by the slide culture method, dry weights and chemical analyses. Samples for chemical analysis were centrifuged to separate the bacteria and the supernatant liquid was filtered through a Millipore bacteriological filter. The deposit of bacteria was washed with buffered saline by centrifugation and resuspended in water to known volume at a concentration of about 5 mg. dry weight/ml. ; bacterial suspensions and filtered supernatant fluids were stored in the frozen state when not analysed immediately.
Analytical methods. Nucleic acids were determined in washed freeze-dried bacteria by the method of Schmidt & Thaniihauser (1945) ; results were expressed in terms of nucleic acid phosphorus. Loss of RNA from Aerobacter aerogenes during storage was followed with the Schneider (1945) method applied to bacteria separated from suspensions by centrifugation ; pentose in the hot trichloroacetic acid (TCA) fraction was estimated by the colorimetric method described by Morse & Carter (1949) or by the Dische & Borenfreund (1957) method, and converted to RNA by comparison of the colour obtained with that given by a known weight of yeast RNA (P, 8.1%; assumed to be 8 5 % RNA). Bacterial pentose excluding pyrimidine pentose was determined with the Bial reaction (Morse & Carter, 1949) applied directly to a suspension; dried ribose (Laboratory Reagent Grade from The British Drug Houses Ltd., Poole) was used as the standard. Hexose interfered in the method and allowance was made for interfering carbohydrate in A . aerogenes by determining total carbohydrate in the bacterial suspension with the sulphonated resorcinol method of Devor, Conger & Gill (1958) ; dried ANALAR glucose from The British Drug Houses Ltd. was used as the standard. Light absorption was measured at 500mp * 0.90).
and, at this wavelength, ribose gave 96-102% of the colour given by an equal weight of glucose. In the Bial method, light absorption was measured at 660 mp and glucose gave 11-15y0 of the reading given by an equal weight of ribose. If x = 'true glucose' (,ug./ml.), y = 'true pentose excluding pyrimidine pentose' (,ug./ml.), a = total carbohydrate found (pg./ml.) and b = pentose found (pg./ml.), then x + 0 . 9 9~ = a and 0 . 1 3~ + y = b; interference factors for x and y were determined for each batch of analyses. The results obtained for 'true pentose excluding pyrimidine pentose ' by solving the equations, were close to values obtained for purine pentose in the hot TCA fraction (Schneider, 1945) and, in many experiments, RNA loss from suspensions was determined by application of the Bial and resorcinol methods. Total phosphorus in freeze-dried bacteria was determined by the method of King (1932) and total nitrogen by a Kjeldahl method after reduction of the sample with hydriodic acid and red phosphorus (Friedrich, 1933) in a Kjeldahl flask. Protein was determined by means of a Biuret method after the bacteria had been dissolved by heating in N-NaOH for 5 min. at 100' (Stickland, 1951) ; dried bovine plasma albumin (N, 15.9%) from Armour and Co. Ltd., Hampden Park, Eastbourne, was used as standard. Ammonia was determined by nesslerization after distillation of the sample in a Markham still with alkaline phosphate + borate buffer (Tracey, 1952 (Jermyn & Isherwood, 1949) and aniline phthalate as spray reagent (Partridge, 1949) . For the paper chromatographic detection of amino acids, butanol +acetic acid +water (4 + 1 + 5, v/v) was used as solvent and ninhydrin as the spray reagent. Free amino acids were extracted from bacteria by heating suspensions in distilled water (20 mg. dry wt./ml.) for 20 min. The extract was separated by centrifugation and desalted by passage through a column of Amberlite IR-120 (H form). The column was washed with water and the amino acids eluted with pyridine water (10 yo, v/v). The eluate was concentrated to small volume and chromatographed. Free amino acids released into the suspending medium during storage were detected after the suspension was freed from organisms by centrifugation and filtration through a Millipore filter. The filtrate was desalted in an electrolytic desalting apparatus, reduced to a small volume and chromatographed. Ultraviolet absorption was measured in a Unicam quartz spectrophotometer, model S.P. 500, with a 1 cm. light path. The dry weight of a suspension was determined by centrifuging a measured volume, washing the deposit once with saline (NaCl, 0.85%, w/v) containing HCHO (3%, w/v) and once with water, and drying the deposit at 100' for 16 hr.
Isolation of glycogen f r o m Aerobacter aerogenes harvested f r o m tryptone glucose medium. Freeze-dried organisms (1.5 g.) suspended in water (50 ml.) were disintegrated in the presence of ballotini beads (size 12) and capryl alcohol in a Mickle (1948) tissue disintegrator. The homogenate was centrifuged at 6000g for 30 min. and the supernatant liquid separated. TCA solution (25 yo, w/v) was added to the cold supernatant liquid to a concentration of 2.5% (w/v) TCA and the precipitate separated by centrifugation. The supernatant liquid was neutralized by addition of solid NaHCO, and dialysed against running distilled water at 2' for 24 hr. The sac contents were concentrated to 16 ml. under reduced pressure and treated with 3 volumes of ethanol and 2-3 drops saturated ethanolic potassium acetate solution. After standing for 24 hr. at 2' the precipitate was isolated by centrifugation, washed with ethanol and dried in vacuo. The yield was 140 mg. ( = 9.3 yo dry wt. bacteria); carbohydrate content, 85 yo (as glucose). Further fractionation with ethanol resulted in a fraction containing 97% carbohydrate (as glucose) which, after acid hydrolysis and paper chromatography, gave one spot corresponding in position to glucose. The isolated material gave an opalescent solution in water and reacted with iodine solution to give a reddish violet colour. 
RESULTS
Growth curves for Aerobacter aerogenes grown in defined medium, tryptic meat broth and tryptone glucose medium in the fermenter are shown in Fig. 1 . Growth was determined by turbidity measurements at 610 mp in a Coleman Junior spectrophotometer with the appropriate medium as blank and, when necessary, the sample and blank were diluted with buffered saline (pH 6.5) so that the optical density reading was not greater than 0.25. The shape of the growth curve depended on the medium used and with the defined medium the change from the exponential phase into the stationary phase was sharp whereas, with either of the complex media, the turn was more gradual. Bacteria were harvested after growth had ceased for 0.5 hr. unless otherwise stated. The viability of washed suspensions of bacteria freshly harvested from any of the three media was high The Postgate et al. method determines only the yo viability of a suspension and not the total number of bacteria present. It was important in the present work, to know whether the total number of organisms in a given suspension changed during storage and, for this reason, total and viable counts were determined. In our hands, R. E. STRANGE, E'. A. DARK AND A. G. NESS the coefficients of variation for the results of slide-culture viability determinations, total counts and viable counts were & 0.95, f 6.4 and & 7.4 yo respectively (see Methods). Evidently results for the % viability of suspensions determined by the slide-culture method were more reliable than those derived from a combination of total and viable counts, provided the generation time of individual organisms did not exceed the incubation period allowed (3.5 hr.). A comparison of the results for % viability of an aerated suspension of Aerobacter aerogenes during storage a t 37" as determined by the slide-culture technique and from viable and total counts is shown in Table 1 . The values obtained with the Postgate et al. method were usually higher than those derived from the other methods. On the other hand, when the yo viabilities of more aged suspensions were determined, it was frequently found that values by the slide culture method were lower than those derived from total and viable counts. This was probably related to the long lag phase of a proportion of an aged population. The incubation period of slide cultures could not be extended much beyond 3.5 hr. otherwise large colonies from single organisms with short generation times overgrew the non-growing bacteria. The shapes of survival curves plotted with data obtained by either the slide-culture technique or by total andviable counts were similar for periods during which biochemical changes occurring within the bacteria were studied. Some of the factors which affected survival of washed bacteria were investigated. In the pH range 4-9 with Michaelis (1931) constant ionic strength buffers, the optimum value for survival of suspensions (about 1O1O organisms/ml.) stored at 20-22" under nitrogen was near pH 6.5; in the range pH 5-8 with orthophosphate buffers ( 0 . 0 2~ PO,) in sodium chloride (0.13~) solutions, a similar pH optimum was found with suspensions stored under these conditions or a t 37" with aeration. A solution of buffered sodium chloride (pH 6.5) was used routinely for washing and suspending bacteria. This solution appeared to be non-toxic since bacterial suspensions stored at 20-22" under air or nitrogen survived almost completely for days and in some cases for weeks. It was found that at 37" with aeration, the initial bacterial concentration affected survival of a population. Initial concentrations of less than 107 organisms/ml. multiplied to 106-107/ml. within 70 hr. This is in agreement with the work of Garvie (1955) who found that Escherichia coli multiplied in buffer solution prepared from specially purified salts dissolved in distilled water. Above a concentration of 107-108 bacteria/ml. significant multiplication did not occur and the length of the initial period of almost complete survival decreased as the concentration of organisms was increased to 10lO/ml. A concentration of about 1O1O organisms/ml. was used routinely because this avoided maintenance of a significant proportion of the population by contaminating nutrients present in the buffer and also was convenient for subsequent chemical analyses. The shape of survival curves for suspensions of bacteria, particularly those harvested from defined medium, stored a t a concentration of about 1010/ml. sometimes showed evidence of regrowth; this was probably due to the utilization of material obtained from dying or dead organisms (Harrison, 1960) . Regrowth was decreased when bacterial suspensions in cellophan sacs were dialysed against buffered saline, The survival of bacteria depended on the growth phase of the organisms at the time of harvesting. Survival curves for bacteria harvested from defined medium during the late exponential growth phase and a t different times in the stationary phase (Fig. 2) showed that extension of the stationary phase under growth conditions favoured survival. The composition of the medium used for growing the bacteria affected their subsequent survival in buffered saline. Organisms harvested from tryptone glucose medium survived best and those harvested from tryptic meat broth usually survived better than bacteria grown in carbon-limiting defined medium. This was true during storage at 37' with aeration (Fig. 3) , or at 20-22' under nitrogen; under the latter conditions the initial periods of almost complete survival were about 15, 10 and 4 days for organisms harvested from tryptone glucose medium, tryptic meat broth and carbon-limiting defined medium, respectively, Analyses of bacteria grown in different media. Analyses of well-washed freeze-dried stationary phase bacteria harvested from the three media are shown in Table 2 . On a dry-weight basis, bacteria grown in tryptone glucose medium contained 3-4 times as much carbohydrate (as glucose) excluding pentose and about half as much RNA as bacteria grown in the defined medium. Bacteria grown in tryptic meat broth contained a relatively large amount of protein and less RNA than did bacteria from the defined medium. Poly-p-hydroxybutyric acid (Lemoigne, 1927 ; Forsyth, Hayward & Roberts, 1958) was not detected in chloroform extracts of 1 g. amounts of freeze-dried bacteria which had been grown in any of these media. Besides differences in chemical analyses the bacteria varied in average weight according to whether they were grown in defined or complex medium ( Table 2) . Stationary phase bacteria harvested from defined medium were metabolically mo?e active than bacteria from tryptone glucose medium. For example, Qo, (pl./hr./bacterium) values for washed bacteria during the period when the rate of oxygen uptake was constant, were 5.2 and 2.36 x 10-9 for organisms from the defined medium and from the tryptone glucose medium, respectively; in the presence of mannitol (1 yo, w/v) Qo, values of 2.07 and 0.64 x 10-7, respectively, were obtained.
The high carbohydrate content of bacteria harvested from tryptone glucose medium ( Table 2 ) was due to the presence of glycogen; this was isolated from the organisms (see Methods). Significant amounts of glycogen were not found in homogenates of organisms harvested from carbon-limiting defined medium or from tryptic meat broth. 
Losses of protein, RNA and glycogen from stationary phase bacterial suspensions
Suspensions of washed bacteria (about 101o/ml.) freshly harvested from the three media were incubated at 37", with aeration, in gas wash bottles. Samples were removed at intervals for determinations of pH value, total bacterial count, viability and chemical analysis. The data shown (Figs. 4-9) are those for one typical experiment with bacteria harvested from each of the three media; in each case the results were adjusted for a dry weight of 2-5 mg. organisms/ml. at t = 0. Survival curves referring to the suspensions investigated are shown in Fig. 3a-c ( x ) . Considering first bacteria harvested from tryptone glucose medium, their initial viabi1ity:of 95 % was maintained for at least 65 hr. (slide-culture method; Fig. 3a," Fig. 4) apparently represented a loss from living bacteria. The dry-weight loss was due mainly to losses of glycogen (0.41 mg./ml.; Fig. 5) , RNA (0.04 mg./ml.; Fig. 6 ) and protein (0-27 mg./ml.; Fig. 7) . Endogenous glycogen appeared to be metabolized by the bacteria because (1) the carbohydrate content of the supernatant fluid from the suspension did not increase significantly during storage; (2) the keto acid content of the organisms increased about fourfold during the first few hours of storage and then decreased to near the original value in 17 hr. The keto acid increase was due mainly to the formation of pyruvic acid. During the period when endogenous keto acid concentration increased, the rate of glycogen loss was high (Fig. 5) . The suspension of bacteria harvested from tryptic meat broth had an initial viability of 97-5 yo and this was maintained for about 40 hr. (slide-culture method; Fig. 3 b, x ) ; the respective total and viable counts for this suspension are shown in Table 1 . Again there was a loss of dry weight during storage (about 25 yo in 40 hr.; Fig. 4 ) mainly due to losses of RNA (0.14 mg./ml.; Fig. 6 ), protein (0.35 mg./ml.; Fig. 7) , and total carbohydrate excluding pentose (0.04 mg./ml. ; Fig. 5 ). Survival curves for bacteria harvested 0.5 hr. after growth had stopped in carbon-limiting defined medium were usually less regular than those for organisms from the complex media (Fig. 3c); the initial viability of the suspension discussed here was 96 %, and this was more or less maintained for 40 hr. (Fig. 3c, x) . At 0, 17, 24, 41 and 64 hr., total counts were 0.70, 0.80, 0-70, 0.73, 0.74 and viable counts 0.59, 0.54, 0.68, 0.59, 0.40 x1Ol0 organisms/ml., respectively. The loss of dry weight (about 20%, Fig. 4) which occurred in 40 hr. was mainly due to losses of RNA (0-15 mg./ml.; Fig. 6) , protein (0.17 mg./ml. ; Fig. 7) and total carbohydrate excluding pentose (0.03 mg./ml. ; Fig. 5 ) . In further experiments, the disappearance of RNA from these bacteria was shown to be most rapid during the first 8 hr. (average loss, about 2*0%/hr.) and the rate decreased during the next 16 hr. (average loss, about l-Oyo/hr.).
In parallel with the losses of endogenous constituents there was an excretion into the surrounding medium of material which included ammonia (Fig. 8) u.v.-absorbing substances (Fig. 9) and traces of free amino acids. Bacteria harvested from tryptic meat broth which initially contained the largest amount of protein (68-72 % dry weight), excreted the largest amount of ammonia. Since the total nitrogen of RNA lost from this suspension during storage for 40 hr. was equivalent to about 22 ,ug./ml. and the ammonia-N excreted was 65 pg./ml. it seems probable that some of the ammonia was released as a result of protein degradation. During storage, the concentration of free amino acids in the bacteria or in the surrounding medium did not change sufficiently to explain the protein loss as being due to proteolysis alone. Bacteria harvested from defined medium, from which a considerable amount of RNA was lost (Fig. 6 ) , excreted the largest amount of u.v.-absorbing material; some of this was re-absorbed, presumably by living organisms (Fig. 9) . The absorption spectrum of the excreted material showed a broad flat peak extending from 248 to 257m,u, similar to that of the material excreted by Lactobacillus arabinosus and investigated by Holden (1958). Analysis of this material by ion-exchange resin chromatography and paper ionophoresis, kindly done by our colleague Mr H. E. Wade, showed that the u.v.-absorbing substances were mainly free bases with a relatively high proportion of hypoxanthine. The presence of hypoxanthine suggested that, during storage, adenine nucleotides were degraded, resulting in the release of ammonia and ribose. Since the concentration of pentose, as well as endogenous RNA, decreased, it is evident that ribose was metabolized. Similar losses of RNA, glycogen and protein occurred when bacterial suspensions were held at 20-22' under nitrogen, but at a slower rate. Synthesis of endogenous glycogen by bacteria grown in dejned medium The defined medium described in Methods contained 1% (w/v) mannitol and 0.12% (w/v) nitrogen as ammonium salt. Growth was limited by the mannitol and when this had been utilized about 55 % of the nitrogen had been used. When the ammonium salt concentration was decreased by 75 %, nitrogen became limiting and, as reported by Holme (1957), glycogen was laid down in the organisms during the stationary phase. The results of a typical experiment are shown in Fig. 10 . Bacteria were harvested after 4 hr. in the stationary phase from both nitrogen-limiting medium and the normal carbon-limiting medium, and their survival characteristics were compared. The glycogen-containing bacteria survived better than did those without reserves of glycogen.
Effect of added glucose on the survival of bacteria in buffered saline Stationary phase bacteria freshly harvested from tryptic meat broth were washed by centrifugation and suspended at a concentration of about 0 . 6~1 0~~ viable organisms/ml. in buffered saline (pH 6.5). Glucose (to 0 * 4 5~0 , w/v) was added and the suspension incubated at 37" with aeration. During incubation the pH value of the suspension was controlled by the addition of NaOH. During a 4 hr. incubation period, samples were removed for viability determinations and chemical analyses.
It was found that about 5 yo of the added glucose was turned into cellular glycogen and about 60 yo was metabolized (Fig. 11) . During the incubation period, 50 yo of the bacteria became non-viable; apparently this was due to the presence of glucose, for similar suspensions without added sugar remained completely viable during the experimental period. When similar suspensions containing added glucose were incubated at 37" under anaerobic conditions (nitrogen) the Pasteur effect was evident, i.e. the substrate was fermented much more rapidly. No cellular glycogen was formed under these conditions. Again about 50 % of the population died during a 4 hr. incubation period. In the present work, populations of stationary phase organisms of Aerobacter mrogenes were grown in a culture vessel under controlled conditions and, in a given medium, their survival characteristics, mean mass and amounts of protein, ribonucleic acid and carbohydrate did not vary greatly from batch to batch. Suspensions of bacteria grown in this way had high initial viabilities which were maintained for periods of hours or days, according to the medium used for growth and the conditions of storage. During this period, degradative changes occurred within the bacteria resulting in the loss of up to 25 yo of dry weight. Products made available
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by these degradative processes were metabolized by the living organisms and it appeared that their viability was maintained as a result of this. Once a proportion of a bacterial population dies, a comparatively large amount of nutrient material from the corpses may eventually become available to the survivors, thus allowing some of them to grow and divide. When division occurs the population is no longer the original one; in any case chemical changes found to occur after this are difficult to interpret since they are occurring in viable and/or dead bacteria. The phenomenon of re-growth in suspensions of A . aerogenes held at growth temperature in the absence of nutrients was studied by Harrison (1960). It may be prevented to some extent by dialysing suspensions in cellophan sacs ; with such suspensions the survival curve usually showed an initial period of almost complete survival followed by a period of nearly exponential death. This appears to substantiate the hypothesis that bacteria may survive in an unfavourable environment a t the expense of endogenous constituents to the stage when further utilization affects cell integrity.
Results of previous studies concerned with the role of glycogen in bacteria and yeasts suggest that in these organisms the substance does not always fulfil the criteria of an energy reserve as it does in animals (Holme, 1957) . For example, Stier & Stannard (1935-36) showed that the glycogen of yeast cells decreased slowly when they were suspended in a carbon-free medium, but it was not fermented. Holme (1957) reported that utilization of internal glycogen by Escherichia coli occurred during rapid growth in a complete medium. I n bacteria starved of an organic carbon source but supplied with nitrogen, no increase in nitrogen-containing compounds occurred in spite of the fact that 6-8 yo of the dry weight of the organisms was glycogen. The fact that bacteria lose internal glycogen during growth and division does not necessarily affect the hypothesis that glycogen serves as a reserve material for stationary phase organisms in an unfavourable environment. Also the fact that bacteria containing 6-8 yo glycogen, when put into nitrogen-containing medium, did not synthesize nitrogen-containing compounds is perhaps not so important as whether or not the organisms survived. On this aspect no data are given by Holme and his colleagues. Holme & Palmstierna (1956d) reported other experiments in which the utilization of glycogen-carbon for synthetic purposes was shown and, as pointed out by Wilkinson (1959), in these experiments internal glycogen did fulfil the criteria of an energy-reserve substance. The results of our survival studies showed that stationary phase organisms containing glycqgen survived well in an unfavourable environment. It was found that when cell-free extracts of mechanically disrupted Aerobacter aerogenes were incubated a t 37" with purified glycogen (see Methods) and buffer (pH 7-2), glucose was released. No free glucose was detected in control tubes containing glycogen without extract or extract without glycogen, incubated in parallel. Thus A . mogenes had the mechanism for degrading the polysaccharide and the energy derived from glucose metabolism may have contributed towards the better survival characteristics of glycogen-containing bacteria. However, when glucose was added to an aerated suspension of organisms in buffered saline at 37", endogenous glycogen equivalent to about 5 yo of the added sugar was formed in 4 hr. and most of the remaining glucose was metabolized.
During the incubation period about 50 yo of the population lost their viability. It is possible that the metabolism of a relatively large amount of glucose in the absence of a nitrogen source caused the degradation or denaturation of internal substances, such as enzymes, which could not be replaced.
It has been shown that the ribonucleic acid of stationary phase Lactobacillus arabinosus stored in buffer a t 37" is degraded (Holden, 1958) ; in our experiments with Aerobacter aerogenes a similar process occurred which had no immediate effect on viability. Stephenson & Trim (1938) showed that washed suspensions of Escherichia coli were able to degrade adenine nucleotides and that the products of the reaction were hypoxanthine, inorganic phosphate, ammonia and ribose ; ribose did not accumulate but was fermented. Eggleston & Krebs (1959) extended this work. We found that when cell-free extracts of A. aerogenes were incubated with adenosine at 8 7 ' and pH 8-4, ammonia and ribose were released and the peak of the reaction mixture absorption spectrum minus the absorption spectrum of the extract shifted from 257 to 247 mp, the latter being the wavelength of maximum absorption of hypoxanthine. Similarly cytidine was converted to uracil on incubation with cell extract. The excretion of free bases, including hypoxanthine, by suspensions of viable A . aerogenes suggests that the degradation of ribonucleic acid may provide the bacteria with readily metabolizable sources of carbon (ribose) and nitrogen (ammonia).
Data about protein turnover in Escherichia coli maintained at growth temperature in the absence of nutrients are available from the reports of Mandelstam (1958 b) and Mandelstam & Halvorson (1960) . The rate of protein-degradation was equal to the rate of protein synthesis at about 5%/hr. It was suggested that the pool of amino acids made available by this process was used for the production of inducible enzymes to cope with changed chemical environments (Mandelstam, 1956 ; Pollock, 1958) . The data were obtained for suspensions incubated for up to 4 hr. The results of the present work show that in an unfavourable environment for longer periods, degradation of protein in Aerobacter aerogenes was not in equilibrium with synthesis and apparently went beyond the amino acid stage, resulting in the release of ammonia. This loss of protein did not immediately affect viability, and in some cases up to 25% of the total cell protein was lost before significant deaths occurred in the population. It is evident that the concentrations of major constituents such as protein, ribonucleic acid and glycogen in bacteria vary according to the medium used for their growth and that these substances may be present in excess of the amounts needed for immediate use. It is difficult to prove unequivocally that utilization of these substances allows cells to survive, but the shape of the survival curve obtained in the present work, showing an initial lag period before the population started to die, could be explained on this basis.
We are indebted to Dr D. Herbert for much useful advice and discussion.
